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This invention is concerned with the prepara- 
tion of fluorinated organic compounds. More 
particularly, the invention relates to a process 
for making fluorine-containing compounds ïrom 
a chlorocarbon compound containing a .carbon- 5 
bonded hydrogen, which process comprises, elec- 
trolyzing the latter compound with hydrogen 
fluoride under anhydrous conditions fo give a 
compound containing a carbon-bonded fluorine 
in place of the carbon-bonded hydrogen. ]0 
One of the objects of this invention is to pre- 
pare fluorochlorohydrocarbons easfly and eco- 
nomically. 
Another object oï the invention is to prepare 
difluorodichloromethane (CF2C12 known as ]5 
Freon-12) ïrom chloromethanes containing a 
carbon-bonded hydrogen. 
A further object oï the invention is directed 
to the preparation of difluorochloromethane 
(CHF2C1 known as Freon-22). 20 
A still further object of the invention is to 
prepare easily various fluorochlorohydrocarbons 
which have heretofore been prepared only with 
the greatest difliculty and in many instances 
have not been prepared at all. 25 
Other objects of the invention will become 
more apparent as the description thereof pro- 
ceeds. 
Because of its position in the electromotive se- 
ries, it bas been believed that fluorine wi]l re- 30 
place chlorine before it will replace hydrogen 
where both the chlorine and the hydrogen are 
attached to carbon atoms in the saine chemical 
compound. This order of replacement was more 
expected where severe conditions employing hy- 35 
drogen fluoride were used in connection with 
chlorohydrocarbons. 
Unexpectedly, I bave discovered that I can 
introduce fluorine into a chlorohydrocarbon con- 
taining a carbon-bonded hydrogen and substi- 40 
tute the hydrogen flrst with fluorine and obtain 
under some conditions only partial removal of 
chlorine. By means of my invention if is pos- 
sible fo obtain substantial yields of fluorochloro- 
carbon compounds in which no chlorine has been 45 
replaced with fluorine. If is believed that the 
removal of hydrogen ïrom a chlorohydrocarbon 
occurs in stepwise fashion and that the partial 
replacement of chlorine with fluorine is a sec- 
ondary reaction on the products formed. This 50 
discovery was entirely unobvious and in no way 
could have been predicted from prior reactions 
involving the replacement of chlorine with fluo- 
fine in chlorinated compounds using electrolysis 
methods. 5 
In accordance with my invention, a mixture of 
the chlorocarbon compound and anhydrous hy- 
drogen fluoride is prepared and an electric cur- 
rent puç through the mixture using an electro- 
lytic cell as the medium for the reaction. In 60 
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carrying out the reaction, I have round it desir- 
able to employ an electrolyte such as, for in- 
stance, anhydrous lithium fluoride, sodium fluo- 
ride, potassium fluoride, etc., in the cell to facili- 
tare the reaction. However, the latter inten- 
tionally added electrolyte may be omitted if de- 
sired, but longer periods oï rime are then re- 
quired to obtain the saine degree of conversion 
than when the electrolyte is present. 
A cell which I bave round can be employed 
with good results is disclosed in the accompany- 
ing drawing comprising Figs. 1 and 2. In Fig. 
1, the outer casing I oï the cell, which is the 
cathode in the cell and is ruade of welded, cold- 
rolled steel, bas attached to it a rhin rod 2 ex- 
tending upwardly from the center oï the bottom 
of the casing. The lip 3 of the casing contains 
a series oï perïorations 4 large enough to hold 
flttings 5 which are used to clamp in place the 
cover 6 of the cell casing. An inert ring , pref- 
erably ruade ïrom polytetrafluoroethylene or 
polychlorotrifluoroethylene, is used as a gasket 
to act as a seal between the cover and the cas- 
ing. 
The anode 0 comprises a nickel cylinder 
mounted in the center oï the cell casing. A po- 
sitioning rod 9 .passes through the opening 
of the anode which is centered by means oï a 
support collar |1 (shown as a complete unit in 
Fig. 2 which is a cross-sectional view), having 
radiating ribs 12 to the periphery. An exten- 
sion | oï the collar bas a set screw |4 posi- 
tioned in it to fasten the anode to the position- 
ing rod. A cross-sectional view of this collar 
with the ribs and set screw is shown in Fig. 2. 
The positioning rod 9 is fltted with a welded 
flange |§ and a threaded nut |6. Electrical in- 
sulation of the positioning rod (and thereby the 
anode) from the .cell cover and casing (cathode) 
is ruade by the use of inert bushings | con- 
structed oï polytetrafluoroethylene or poly- 
chlorotrifluoroethylene. A sealable inlet port |8 
is provided for introduction of starting materials 
and an ourlet port |9 is provide for the escape 
of gaseous products. 
A clamp -O is attached to the anode at the 
top -| of the threaded portion of the positioning 
rod .and the cathode clamp 2- is connected fo 
the cell casing at an appropriate point as, for 
ample, the fltting 5. The construction of the 
anode assembly is entirely of nickel to minimize 
corrosion due to anhydrous hydrogen fluoride 
and electrolysis reactions. 
In practicing my invention, the cell with the 
anode in place, as shown in the accompanying 
drawing, is fllled preferably to a level above the 
top of the anode with anhydrous hydrogen fluo- 
ride. The anhydrous electrolyte, for instance, 
anhydrous lithium fluoride, is then Introduced 
and thoroughly mixed with the hydrogen fluoride 
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to forma homogeneous solution. The anhydrous 
electrolyto may, of course, be added belote the 
cell cover is put in place, and the hydrogen fluo- 
ride added through the inlet port of the cover. 
The chlorohydrocarbon containing the carbon- 
bonded hydrogen is then introduced through the 
inlet port in the cover of the cell casing, the cover 
being completely closed thereafter with the ex- 
ception of another port for the removal of gas- 
eous reaction products. Thereafter, enough cur- 
rent is passed through the cell during the elec- 
trolysis fo obtain the desired conversion of the 
starting materials. 
The conditions under which the reaction may 
be conducted can be varied within wide limits 
without departing ïrom the scope of the inven- 
tion. Generally, when my claimed reaction is 
-conducted af atmospheric pressure, , advanta- 
geously employ temperatures of the order from 
,about --78 ° C. to +19 ° C., preferably ïrom --35 ° 
C. fo ÷10 ° C. As a result of my work, the evi- 
dence indicates that the lower the temperature 
used during the reaction, the more complete is 
the replacement of hydrogen with the fluorine 
bfore substantial replacement of chlorine ensues 
whfle higher temperatures encourage, in addition 
fo replacing the hydrogen, increased replacement 
of the chlorine with fluorine. 
.The amperage and voltage used in the elec- 
trolysis reaction may also be varied for different 
lengths of rime. I have round if advantageous 
:touse from about 3 fo 7 volts during my claimed 
process. The amperage in the cell depends on 
 the conducting.surface area of the anode, the 
nature .of the electrolyte, and the solubilities of 
the electrolyte with the chlorocarbon compound, 
.e..g., chlorohydrocarbon, in the anhydrous hy- 
drogen fluoride. If is also apparent that the 
amperage will depend largely on the size of the 
cell. The rime within which the electrolysis is 
conducted will vary depending upon the above- 
stated .factors and.degree of conversion desired. 
As will be obvious fo those skilled in the art, all 
.these conditions may be modified without depart- 
]ng ïrom the scope of the claimed invention. The 
products of the reaction, together with the formed 
hydrogen, are passed through various absorbing, 
scrubbing and other purifying agents. The gase- 
,ous products-are advantageously collected in a 
10w temperature trap, for instance, Dry Ice (solid 
carbon dioxide) and liquid air traps. Distilla- 
tion-of. the reaction products to separate the in- 
dividua]ly formed components may be ruade 
through a low temperature distillation column, 
 e. g., a Podbielniak column. 
To insure that the hydrogen fluoride is sub- 
,stantiàlly anhydrous, an independent electr01ysis 
is conducted in the cell with electr01yte and com- 
mercial anhydrous hydrogen fluoride alone, prior 
to the admission of the chlorocarbon compound. 
A voltage of from 6 fo 10 volts is impressed across 
the cell until substantially all traces of moisture 
are removed as OF2 and hydrogen, and molecular 
fluorine can be detected in the effluent gases. 
In order that those skilled in the art better 
may understand how the present invention may 
be practiced, the following examples are given by 
way of illustration and hot by way of limitation. 
EXAMPLE 1 
The cell described in the accompanying draw- 
ing was charged with the ïollowing ingredients: 
850 cc. anhydrous hydrogen fluoride 
40 grains anhydrous LiF 
24 grains CI-I2C12 
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The temperature within the cell was maintained 
af around --10 ° C. The cell was electrolyzed us- 
ing about 5.9 volts, while the amperage ranged 
from approximately 2.3 fo 2.8 amperes. Since if 
5 was calculated that an average of 2.4 amperes 
was employed for 8V4 hours during which the 
reaction was conducted, it is apparent that there 
were used 19.8 ampere hours. The products of 
the reaction, together with the hydrogen formed, 
10 were passed over solid sodium fluoride pellets, 
bubbled through an aqueous sodium sulfite solu- 
tion containing potassium iodide, and flnally 
through concentrated sulfuric acid. The reaction 
products were then collected in Dry Ice and 
15 liquid air traps from which all the ïormed hy- 
drogen escaped. The remaining reaction prod- 
ucts were then distilled through a low tempera- 
ture Podbielniak distillation column (having an 
ac,curacy of --1 ° C. over most of the distillation 
20 range) fo give the following identifled compounds 
in the proportions shown in Table I. 
Table I 

25 Compound 

1V£ixture of CFCI and CF3H ............ 
CF3H ................................... 
30 CHF .................................. 
CHCIF ................................. 
C ChF .................................. 
CHFCh ................................. 
C ChF ................................... 

B. I). °C. 
(762 mm.) 

--128 
--88 
--82 
--53 
--40 
--30 
+9 
--10 
(200 mm.) 

Per Cent 
Of Total 
Gas 

2.3 
13. 3 
8.6 
6.9 
18. 5 
23.6 
13.1 
13.7 

35 The products represented in Table I were iden- 
tified by boiling point and vapor density measure- 
ments. In many cases where there was doubt 
as fo the product, if was analyzed in a mass 
spectrometer and compared with known material. 
40 
EXAMPLE 2 
In this example the saine materials were em- 
ployed as in Example 1, while the temperature 
during the reaction was controlled at about 0 ° C. 
45 The amperage of the cell was from 0.8 fo 1.9, 
showing an average of 1.8 amperes over the 11- 
hour period during which the reaction was al- 
lowed fo proceed, making a total of 19.8 ampere 
hours. The gases resulting from the reaction 
50 were passed through the saine purification train 
as described in Example 1 and distilled in the 
Podbielniak column. The products obtained are 
listed below in Table II. The cell was charged 
with the following ingredients: 
55 850 cc. anhydrous hydrogen fluoride 
40. grams anhydrous 
24 grams CI-12Cl2 

Table 
6O 
B. P. °C. Per Cent 
Compound -(761 mm.) Of Total 
(tas 

65 1Vixture of CFaCI and CF31I ............ 
C F31I ................................... 
C HF .................................. 
CHFCI ................................. 
CF3CI .................................. 
CHFCI ................................. 
CHFCh ................................. 
70 CChF ................................... 

--124 
--88 
--82 
--54 
--40 
--30 
--9 
+9 
--23 
(99 mm.) 

2.9 
4.9 
9.9 
6.0 
22. 4 
3.8 
15.7 
33. 7 
0.7 

EXAMPLE3 
This example fllustrates the effect of electroyz- 
75 ing a mixture of ingredients using chloroform 
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(CHCI) as the chlorinated hydrocarbon contain- 
ing the carbon-bonded hydrogen. The tempera- 
ture was maintained at around --2 ° C., and the 
cell was electrolyzed af approximately 5.9 volts. 
The amperage ranged from 1.5 to 3.0 and showed 
an average of'2.0 amperes in .8 hours, giving a 
total of 16 ampere hours. The products of the 
reaction were passed .over he purifying .train 
previously described and were collected in Dry 
Ice and liquid air traps. The distfllation of the 
products was accomplished with a low tempera- 
ture Podbielniak distillation column and the com- 
pounds obtained are shown in Table III. The 
charge in the electrolytic cell was as follows: 
900 cc. anhydrous HF 
40 grams anhydrous IAF 
31.5 grains CHC13 

Table III 
B. P. ° C. Per cent 
Compound (758 mm.) Of Total 
(]as 

Milur6 of CFH and CF..C| ............ 
CFCI ................................... 
CHF2C1 ................................. 
CF2CI .................................. 
CHFCh ................................. 
CFCIs ................................... 

--125 
-90 fo --86 
--80 
--40 
--29 
÷9 
÷ 5 
(400 mm.) 

1.6 
27. 4 
5.1 
12.0 
40.0 
4.4 
9.5 

It will, of course, be apparent to those skilled 
in the art that in addition to the chlorohydro- 
carbons employed in the previous examples, other 
chlorohydrocarbons can be used without depart- 
ing from the scope of the invention. Among such 
compounds may be mentioned CI-C1, CHC1, 
CH4C12 (ethylene dichloride and its isomers), 
CI-Clz (including its isomers), OEH2CI« (includ- 
ing its isomers), C2HCI, CH2=CHC1, CHCI=CCI, 
CH=CC12, CH3--C (CH3).=CHC1, 
CCh--CH-----CH2, CCI--C(CH3) --CI-h, CHCI., 
CH4CI« etc. If will also be apparent that in 
addition to the chlorohydrocarbons consisting 
carbon, hydrogen and chlorine mentioned above, 
other chlorohydrocarbons containing, in addition, 
fluorine atoms attached to carbon may also be 
nsed. As examples of such compounds may be 
mentioned CHFC12, CHC1, CI-hCF2C1, etc. A1- 
though the foregoing as well as many other chlo- 
rohydrocarbons may be employed in the practice 
of my invention, I have round it advantageous 
to use as a starting material, that is, the chloro- 
hydrocarbon, one which together with its reac- 
tion products has such a boiling point range that 
the products are evolved from the cell as they 
are formed and m0st of the starting _m_ aterials 
remain behind for further electrolys. Fo 
stance, this fact is evident i!! connection with the 
electrolysis of methylene chloride (CICI--B. P. 
40.1 ° C.) and chloroïorm (CHCI--B. P. 61.26 ° C.) 
where the major products are gases ai cell oper- 
ating temperatures, and the starting materials 
 are liquids. 
The amount of ingredients used in my claimed 
process, i. e., the hydrogen fluoride, electrolyte, 
and chlorocarbon compound, e. g., chlorohydro- 
carbon, may be varied within wide limits depend- 
ing on the desired conductance in the cell. This 
conductance has been discussed generally above. 
The amount of electrolyte used is advantageously 
that which is substantially completely soluble 
in the mixture of anhydrons hydrogen fluoride 
and chlorohydrocarbon used. For instance, an- 
hydrous IAF is soluble in anhydrous hydrogen 
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fluoride but is much less soluble in chl0rohydr- 
carbons, and as the proportion of chlorohydro- 
carbon in anhydrons hydrogen fluoride increases, 
the solubility of LiF in the mixture and con- 
5 ductance of the cell decrease. The minimum 
amount of hydrogen fluoride advantageously 
used is that stoichiometrically required for the 
kiesired conversion. The foregoing examples are 
indicative of the proportion of ingredients which 
10 may be used and are hot intended to be limiting 
in their disclosures. 
My discovery is eminently suitable for making 
easily and economically fluorochloro compounds 
which fmd utility as refrigerants, for example, 
15 CF.CI and CHFC1. In addition, it is possible 
also, by means of my process, to prepare easlly 
fluorochlor0 derivatives which heretofore bave 
been obtained only with the greatest difnculty 
and, in many instances, the preparation of which 
20 has not been known. Fluorochloroethanes pre- 
pared by my process can be dehydrohalogenated 
or dehalogenated to give interesting polymeriza- 
ble monomers which in turn can be polymerized 
to give polymeric materials such as, for example, 
25 .polymers of chlorotrifluoroethylene whlch bave 
good heat stability, high softening point, and 
good chemical resistance. 
Finally, my claimed process permits the prep- 
aration more easily of fluorochlorocarbon com- 
30 pounds which bave desirable temperature ranges 
and which make them suitable for low tempera- 
ture refrigeration. The use of these compounds 
as refrigerants has been limited heretofore be- 
cause of the dilIiculty of preparation by .previ- 
35 ously known methods. 
In my claimed process, although the examples 
disclose batch operation, certain distinct features 
allow continuous operation to be easily employed. 
One recommendation is the fact that, in many 
40 instances, substantially atmospheric pressures 
can be employed thronghout, althongh reactions 
using superatmospheric pressures are also in- 
cluded within the scope of my claimed invention. 
When suleratmospheric pressures are employed, 
45 higher temperatures than 19 ° C. as used at at- 
mospheric pressure reactions may be employed. 
Thus, when working with compounds where boil- 
ing points are above that of hydrogen fluoride 
,and whose electrolysis products with hydrogen 
50 fluoride also boil above that of hydrogen fluorlde, 
temperatures as high as 50 ° C., preferably from 
20 ° to 35 ° C., may be employed without depart- 
ing from the scope of the claimed invention. In 
addition, most of the products of the reaction, 
55 especially in the case of single carbon com- 
oounds, are highly volatile gaseous products at 
cell-operating temperatures and the chlorohy« 
drocarbon being electrolyzed is generally a rela- 
tively non-volatile liquid at these same operat- 
60 ing temperatures. If is therefore apparent that 
continuons addition of chlorohydrocarbon and 
anhydrous hydrogen fluoride could be made con» 
,currently with the evolution of the reaction prod 
ucts. 
65, Chlorohydrocarbons containing two or more 
'carbon atoms will for the most part yield liquid 
products which generally are non-volatile af 
temperatures of the operating cell, and a contin 
uous process for the production of these high 
70 boiling fluorochlorocarbon compounds may be 
accomplished by continuous withdrawal of the 
electrolysis mixture and an external separation 
'of the starting materials from the hydrogen fluo- 
ride and the liquld reaction products. The an- 
75 hydrous hydrogen fluoride and starting materials 
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Separated in this manner from the formed prod- 
ucts are continuously returned fo the electrolysis 
ceH.. 
What I claim as new and desire to secure by 
Letera Patent of the .United States is: 
1. The process for making fluorine-containing 
chlorocarbon compounds from a chlorohydro- 
 carbo n consisting solely of carbon, hydrogen and 
chlorhe and containing carbon-bonded, hydro- 
gen, which process comprises electrolyzing the 
aforesaid chlorohydrocarbon in liquid anhydrous 
HF. to produce a mixture comprising essentially 
chlorofluorocarbon compounds in which are pres- 
ent carbon-bonded fluorine atoms in place of 
carbon-bonded hydrogen atoms present in the 
starting chlorohydrocarbon, the said chloro- 
fluorocarbon compounds containing the same 
number of carbon atoms as the chlorohydrocar- 
bon reactant. 
2. The process for preparing fluorine-contain- 
ing chlorocarbon compounds from a chlorohydro- 
carbon consisting solely of carbon, hydrogen and 
chlorine and containing carbon-bonded hydrogen, 
which process comprises forming a mixture of 
ingredients comprising (1) a chlorohydrocarbon 
described above, (2) liquid anhydrous hydrogen 
fluoride and (3) an electrolyte, and thereafter 
passing a current through the mixture for a rime 
suflicient to effect conversion of the aforesaid 
chlorohydrocarbon to a mixture comprising 
sentially of fluorine-containing chlorocarbon 
compounds in which there are present carbon- 
bonded fluorine atoms in place of carbon-bonded 
hydrogen atoms present in the starting chloro- 
hydrocarbon, the said fluorine-containing chloro- 
carbon compounds containing the saine number 
of carbon atoms as the chlorohydrocarbon 
actant. 
3. The process for making fluorine-containing 
chlorocarbon compounds from a chlorohydrocar- 
bon consisting solely of carbon, hydrogen and 
chlorine and containing carbon-bonded hydro- 
gen, which process comprises electrolyzing meth- 
ylene chloride in liquid anhydrous HF in the 
' presence of an electrolyte fo produce a mixture 
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comprising essentially CHF2C1, CH2FCI, and 
CHFC12. 
4. The process for preparing fluorine-contain- 
ing chlorocarbon compounds from a chlorohydro- 
.5 carbon consisting solely of carbon, hydrogen and 
chlorine and containing carbon-bonded hydro- 
gen, which process comprises electrolyzing chloro- 
ïorm in liquid HF in the presence of an electro- 
lyre to produce a mixture comprising essentially 
10 CFC13, CFCh, CHFC1, and CIC1. 
5. The process for preparing fluorine-contain- 
ing chlorocarbon compounds from a chlorohy- 
drocarbon consisting solely of carbon, hydrogen 
and chlorine and containing carbon-bonded 
15 droen, which process comprises electrolyzing at 
about 0 ° C. methylene chloride in liquid anhy- 
drous HF in the presence of lithium fluoride as an 
electrolyte to produce a mixture comprising 
sentially CHFC1, CH2FC1, and CHFCh. 
20 6. The process for making fluorine-contain- 
ing chlorocarbon compounds from a chlorohy- 
drocarbon consisting solely of carbon, hydrogen 
and chlorine and containing carbon-bonded 
drogen, which process comprises electrolyzing 
25 chloroform in liquid anhydrous HF in the pres- 
ence of lithium fluoride to produce a mixture 
comprising essentially CFCI3, CFCh, CHFCI, and 
CF3CI. 
JOHN K. WOLFE. 
30 
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